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$%675$&7 
$OJLQDWH LVDSRO\PHUFRQWDLQLQJ WZRXURQLFDFLG
HSLPHUVȕ'PDQQXURQDWH0DQGĮ/JXOXURQDWH
*DQGLVDPDMRUFRPSRQHQWRIEURZQVHDZHHG
WKDW LV GHSRO\PHUL]HG E\ DOJLQDWH O\DVHV 7KHVH
HQ]\PHV KDYH GLYHUVH VSHFLILFLW\ FOHDYLQJ WKH
FKDLQ ZLWK HQGR RU H[RW\SH DFWLYLW\ DQG ZLWK
GLIIHUHQWLDOVHOHFWLYLW\IRUWKHVHTXHQFHRI0RU*
DW WKHFOHDYDJH VLWH'S LV DN'D PXOWL
PRGXODUEURDGVSHFLILFLW\HQGRW\SHDOJLQDWHO\DVH
IURP WKH PDULQH WKHUPRSKLOH 'HIOXYLLWDOHD
SKDSK\SKLODZKLFKXVHVEURZQDOJDHDVDFDUERQ
VRXUFHFRQYHUWLQJLWWRHWKDQRODQGELRLQIRUPDWLFV
DQDO\VLV VXJJHVWHG WKDW LWV FDWDO\WLF GRPDLQ
UHSUHVHQWVDQHZSRO\VDFFKDULGHO\DVHIDPLO\3/[[
7KH VWUXFWXUH RI WKH 'S FDWDO\WLF GRPDLQ
GHWHUPLQHG DW  c UHVROXWLRQ UHYHDOHG WKDW LW
FRPSULVHVWKUHHUHJLRQVVWURQJO\UHVHPEOLQJWKRVH
RIWKHH[RW\SHO\DVHIDPLOLHV3/DQG3/7KH
FRQVHUYDWLRQRINH\FDWDO\WLFKLVWLGLQHDQGW\URVLQH
UHVLGXHV EHORQJLQJ WR WKH ODWWHU VXJJHVW WKHVH
HQ]\PHVVKDUHPHFKDQLVWLFVLPLODULWLHV$FRPSOH[
RI'SZLWKDSHQWDVDFFKDULGH0VKRZHGWKDW
WKHROLJRVDFFKDULGHLVORFDWHGLQVXEVLWHV±±
DQGLQDORQJGHHSFDQ\RQRSHQDWERWKHQGV
H[SODLQLQJWKHHQGRW\SHDFWLYLW\RIWKLVO\DVH7KLV
FRQWUDVWHG ZLWK WKH KLQGHUHG ELQGLQJ VLWHV RI WKH
H[RW\SHHQ]\PHVZKLFKDUHEORFNHGVXFKWKDWRQO\
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RQHVXJDUPRLHW\FDQEHDFFRPPRGDWHGDWWKH±
SRVLWLRQLQWKHFDWDO\WLFVLWH7KHELRFKHPLFDODQG
VWUXFWXUDODQDO\VHVRI'SWKHILUVWIRUWKLVQHZ
FODVVRIHQGRW\SHDOJLQDWHO\DVHVKDVIXUWKHUHGRXU
XQGHUVWDQGLQJ RI WKH VWUXFWXUHIXQFWLRQ DQG
HYROXWLRQDU\ UHODWLRQVKLSV ZLWKLQ WKLV LPSRUWDQW
FODVVRIHQ]\PHV 
,QWURGXFWLRQ 
7KH JURZWK RI EURZQ DOJDH UHSUHVHQWV DQ
LPSRUWDQWFDUERQVLQNLQWKHRFHDQVRIWKHZRUOG
DQG DV D UHVXOW WKH SRO\VDFFKDULGH DOJLQDWH D
PDMRUFRPSRQHQWRIWKHDOJDOFHOOZDOOLVRQHRIWKH
PRVW DEXQGDQW FDUERK\GUDWHV LQ WKH RFHDQ 
7KHDEXQGDQFHRIWKHVHVHDZHHGVKDVPDGHWKHP
DQ DWWUDFWLYH DQG LPSRUWDQW VRXUFH RI UHQHZDEOH
ELRPDVVIRUELRIXHOSURGXFWLRQ$OJLQDWHLVD
OLQHDU SRO\VDFFKDULGH FRQVLVWLQJ RI DURXQG RQH
WKRXVDQG UHVLGXHVRI DPL[WXUHRI WKH WZRXURQLF
DFLG HSLPHUV Į/JXOXURQDWH * DQG ȕ'
PDQQXURQDWH0ZKLFKDUHFRQQHFWHGE\Į
2OLQNHGJO\FRVLGLFERQGV7KHVHTXHQFHRI
WKHVXJDUVLQWKHSRO\PHULVQRWUDQGRPEXWLQVWHDG
FRQVLVWVUHJLRQVZKHUHWKHVXJDUVFDQEHIRXQGLQ
0RU*ULFKUHJLRQVRULQVWUHWFKHVRIDOWHUQDWLQJ
0 DQG * UHVLGXHV $Q XQXVXDO SURSHUW\ RI WKLV
SRO\PHU LV LWV DELOLW\ WR VHOI DVVHPEOH LQWR
FU\VWDOOLQHRUOHVVVWUXFWXUHGUHJLRQVGHSHQGHQWRQ
WKHQDWXUHRIWKHVHTXHQFHLQDSURFHVVWKDWUHTXLUHV
DGGLWLRQRIGLYDOHQWFDWLRQV SDUWLFXODUO\ FDOFLXP
7KHRUJDQL]DWLRQDQGVSDFLQJRIWKHVWUXFWXUHGDQG
XQVWUXFWXUHG UHJLRQV SURYLGHV DQ H[WUDFHOOXODU
PDWUL[ LQ ZKLFK WKH DOJDO FHOOV DUH HPEHGGHG LQ
PDFURFHOOXODU DUUD\V LQ SRFNHWV WKDW KDYH EHHQ
OLNHQHG WR WKH FKDPEHUV LQ DQ HJJER[ WKH VR
FDOOHG HJJER[ PRGHO  $V D QDWXUDO
SRO\VDFFKDULGH DOJLQDWH DQG ROLJRVDFFKDULGHV
GHULYHG IURP LW E\ GHSRO\PHUL]DWLRQ KDYH EHHQ
ZLGHO\ XVHG LQ WKH IRRG SKDUPDFHXWLFDO DQG
ELRPDWHULDO LQGXVWULHV  7KXV WKH HQ]\PDWLF
GHJUDGDWLRQ RI DOJLQDWH LV RI VLJQLILFDQW
ELRWHFKQRORJLFDOLPSRUWDQFH 
$OJLQDWHO\DVHVFDWDO\]HWKHGHSRO\PHUL]DWLRQ
RIDOJLQDWHFOHDYLQJWKHSRO\VDFFKDULGHFKDLQLQDQ
HQGRRUH[RVSHFLILFPDQQHU7KHVHHQ]\PHVKDYH
DOVR EHHQ VKRZQ WR H[KLELW GLIIHUHQWLDO VXEVWUDWH
VSHFLILFLW\ ZLWK WKUHH W\SHV RI DFWLYLW\ EHLQJ
UHFRJQL]HG PDQQXURQDWHVSHFLILF DOJLQDWH O\DVH
(&  JXOXURQDWHVSHFLILF DOJLQDWH O\DVH
(&  DQG D ELIXQFWLRQDO HQ]\PH WKDW
FOHDYHVUHJLRQVRIDOJLQDWHFRQWDLQLQJERWK0DQG
* 7KH UHDFWLRQ UHVXOWV LQ WKH FOHDYDJH RI WKH
JO\FRVLGLF ERQG OHDYLQJ DQ XQVDWXUDWHG
PRQRVDFFKDULGH GHR[\/HU\WKURKH[
HQHS\UDQRV\OXURQLFDFLGDWWKHQRQUHGXFLQJHQG
RI WKH ROLJRVDFFKDULGH FKDLQ  2I WKH 
SRO\VDFFKDULGH O\DVH 3/ IDPLOLHV LGHQWLILHG WR
GDWHLQWKH&DUERK\GUDWH$FWLYHHQ=<PHV&$=\
GDWDEDVH   DUH DOJLQDWH O\DVHV DQG WKH
VWUXFWXUHVRIUHSUHVHQWDWLYHPHPEHUVRIRIWKHVH
KDYHEHHQGHWHUPLQHG7KHVWUXFWXUDOVWXGLHVKDYH
UHVXOWHG LQ WKH UHFRJQLWLRQ RI  IROG FODVVHV
LQFOXGLQJ VLPSOH VLQJOH GRPDLQ DOJLQDWH O\DVHV
ZLWKDQĮĮQWRURLG3/Dȕ+HOL[3/RUDȕ
-HOO\UROO3/3/DQG3/IROGDQGWKHPRUH
FRPSOH[ PXOWLGRPDLQ DOJLQDWH O\DVHV ZKLFK
FRPELQH GRPDLQV ZLWK DQ ĮĮQ WRURLG IROG ZLWK
DQWLSDUDOOHOȕVDQGZLFKGRPDLQV3/DQG3/
0HWDOLRQVLQFOXGLQJFDOFLXPDQG]LQFKDYH
EHHQ LGHQWLILHG LQ WKHVWUXFWXUHVRI VRPHRI WKHVH
HQ]\PHV KRZHYHU WKHLU UROHV LQ FDWDO\VLV
VSHFLILFLW\DQGVWDELOLW\DUHQRW\HWIXOO\XQGHUVWRRG 
6WUXFWXUDO DQG ELRFKHPLFDO VWXGLHV RI
UHSUHVHQWDWLYHH[RW\SHDOJLQDWHO\DVHVEHORQJLQJWR
IDPLOLHV3/3/DQG3/KDYHLGHQWLILHGWKDW
WKH H[RW\SH FOHDYDJH DULVHV DV D UHVXOW RI WKH
UHODWLYHSRVLWLRQRI WKHFDWDO\WLFVLWHFRPSDUHG WR
WKDWRIWKHELQGLQJVLWHIRUROLJRVDFFKDULGHVZKHUH
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WKH QRQUHGXFLQJ HQG RI WKH VXJDU RFFXSLHV D
VWHULFDOO\ KLQGHUHG SRFNHW ZKLFK FDQ RQO\
DFFRPPRGDWH D VLQJOH VXJDU PRLHW\  ,Q
FRQWUDVWLQWKHVLQJOHGRPDLQHQGRW\SH3/IDPLO\
O\DVH IURP =REHOOLD JDODFWDQLYRUDQV WKH
ROLJRVDFFKDULGH ELQGLQJ VLWH LV PRUH RSHQ
SURYLGLQJDPROHFXODUH[SODQDWLRQIRUWKHHQGRO\WLF
DFWLYLW\ 
3URSRVDOV IRU WKH PHFKDQLVP RI DOJLQDWH
O\DVHV VXJJHVW WKDW WKH UHDFWLRQ LQYROYHV WKH
UHPRYDORIWKHDFLGLFSURWRQDWWKH&SRVLWLRQRI
WKHVXEVLWHXURQLFDFLGVXJDUELQGLQJVXEVLWHV
DUH QXPEHUHG DFFRUGLQJ WR WKH QRPHQFODWXUH
SURSRVHG E\ 'DYLHV HW DO  OHDGLQJ WR WKH
IRUPDWLRQ RI D VWDELOL]HG DFLFDUER[\ODWH
LQWHUPHGLDWH  &ROODSVH RI WKH LQWHUPHGLDWH
OHDGVWRWKHIRUPDWLRQRIDGRXEOHERQGEHWZHHQ&
DQG&DQGWKHFOHDYDJHRIWKHJO\FRVLGLFOLQNDJH
EHWZHHQ ± DQG  VXEVLWHV  5HVLGXHV
LGHQWLILHG DV LPSRUWDQW UROHV IRU FDWDO\VLV LQFOXGH
W\URVLQHDVD%U¡QVWHGDFLGW\URVLQHRUKLVWLGLQHDV
D %U¡QVWHG EDVH DQG *OQ$VQ DQG +LV$UJ DV
SOD\LQJ LPSRUWDQW UROHV LQ WKH VWDELOL]DWLRQRI WKH
DFLFDUER[\ODWH 
,QRUGHUWRFRQWULEXWHWRDEHWWHUXQGHUVWDQGLQJ
RIWKHVWUXFWXUHVSHFLILFLW\FDWDO\VLVDQGHYROXWLRQ
RIPXOWLGRPDLQDOJLQDWH O\DVHV WKLVSDSHUUHSRUWV
VWXGLHVRQDQRYHOHQGRO\WLFDOJLQDWHO\DVH'S
IURP WKH WKHUPRSKLOLF EDFWHULXP 'HIOXYLLWDOHD
SKDSK\SKLOD7KLV PLFUREH LV D PRGHUDWH PDULQH
WKHUPRSKLOHFDSDEOHRIGLUHFWXWLOL]DWLRQRIEURZQ
DOJDH WKDW FDQ IHUPHQW PDQQLWRO ODPLQDULQ DQG
DOJLQDWH WR HWKDQRO ZLWK KLJK \LHOG PDNLQJ WKLV
EDFWHULXPZHOOVXLWHGIRUELRFRQYHUVLRQ'
SKDSK\SKLOD FRQWDLQV DW OHDVW  DOJLQDWH O\DVHV
LQFOXGLQJ H[DPSOHV EHORQJLQJ WR 3/ 'S
DQG3/'SWRJHWKHUZLWKDQXPEHURIQRYHO
O\DVHVWKDWUHSUHVHQWWRWDOO\QHZ3/IDPLOLHVZLWK
ERWK HQGR DQG H[RW\SH DFWLYLWLHV 'S DQG
'S UHVSHFWLYHO\  'S LV D 
N'D SRO\SHSWLGH ZLWK ELIXQFWLRQDO DOJLQDWH O\DVH
DFWLYLW\FOHDYLQJHLWKHUSRO\0RUSRO\*VXEVWUDWHV
LQ DQ HQGRW\SH PDQQHU EXW VKRZLQJ QR DFWLYLW\
DJDLQVW UHODWHG SRO\VDFFKDULGHV VXFK DV KHSDULQ
KHSDUDQVXOIDWHGHUPDWDQVXOIDWHDQGFKRQGURLWLQ
VXOIDWH 7KH FDWDO\WLF GRPDLQ VKRZV OLPLWHG
VHTXHQFH VLPLODULW\ WR WKH PHPEHUV RI WKH
PXOWLGRPDLQ 3/ DQG 3/ IDPLOLHV EXW ZLWK
PDQ\DGGLWLRQDOSRRUO\FKDUDFWHUL]HGGRPDLQV 
,Q WKLV SDSHU ZH UHSRUW DQ DQDO\VLV RI WKH
IXQFWLRQV RI WKH GLIIHUHQW GRPDLQV RI 'S
WRJHWKHUZLWKWKHFU\VWDOVWUXFWXUHRI WKHFDWDO\WLF
GRPDLQDQGLWVFRPSOH[HVZLWKVXEVWUDWHV7RJHWKHU
WKHVHGDWDKDYHDOORZHGXVWRXQUDYHOWKHPROHFXODU
EDVLV RI LWV HQGRO\WLF DFWLYLW\ DQG HVWDEOLVK WKH
UHODWLRQVKLS RI WKLV HQ]\PH WR WKH EURDGHU
VXSHUIDPLO\WKHUHE\GHHSHQLQJRXUXQGHUVWDQGLQJ
RI WKHVH LPSRUWDQW HQ]\PHV WKDW GHSRO\PHUL]H
DOJLQDWH 
 
5HVXOWVDQG'LVFXVVLRQ 
%LRLQIRUPDWLFDQDO\VLVRI'S 
%DVHG RQ WKH %/$67 VHTXHQFH DQDO\VLV
'S KDV D IXOOOHQJWK RI  DPLQR DFLGV
LQFOXGLQJDDPLQRDFLGVLJQDOSHSWLGHDWWKH1
WHUPLQXV 7KH HQ]\PH DSSHDUV WR FRQWDLQ 
FRQVHUYHG GRPDLQV ZKLFK LQFOXGH D '8)
GRPDLQ SIDP D +HSDUB,,B,,, GRPDLQ
SIDP D &%0 FDUERK\GUDWH ELQGLQJ
PRGXOH FG D &%0 'LVFRLGLQ GRPDLQ
DOVR NQRZQ DV DQ ) W\SH & GRPDLQ
SIDP DQG  ILEURQHFWLQ W\SH ,,, GRPDLQV
)1 FG&2* )LJ $ )XUWKHU
FRQVLGHUDWLRQ RI WKH OLPLWHG VHTXHQFH VLPLODULW\
EHWZHHQ 'S DQG WKH 3/ DOJLQDWH O\DVH
$WX IURP $JUREDFWHULXP WXPHIDFLHQV WKH
3/ H[RW\SH DOJLQDWH O\DVH $OJF IURP
6DFFKDURSKDJXV GHJUDGDQV DQG WKH 3/
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KHSDULQDVH +HS,, IURP 3HGREDFWHU KHSDULQXV
VXJJHVWVWKDWWKHFDWDO\WLFVLWHRI'SLQFOXGHV
ERWKWKH'8)GRPDLQDQGDEORFNRIVHTXHQFH
VLPLODUWRWKH+HSDUB,,B,,,UHJLRQRIWKH+HSDULQDVH
,,,,,HQ]\PHVZKLFKWRJHWKHUIRUPWKHDFWLYLW\VLWH
RI WKHVH UHODWHG HQ]\PHV  7KH FORVHVW
VHTXHQFH VLPLODULWLHV RI WKH FDWDO\WLF GRPDLQ RI
'SDUHWRDSUHGLFWHG+HSDULQDVH,,,,,IDPLO\
SURWHLQ IURP 5KRGRSLUHOOXOD VS 6:. LVRODWHG
IURP WKH VXUIDFH RI D PDFURDOJDH *HQ%DQN
DFFHVVLRQ QXPEHU (0, DQG D K\SRWKHWLFDO
SURWHLQIURP9HUUXFRPLFURELDHEDFWHULXP'*
LVRODWHGIURPDGLQRIODJHOODWH*HQ%DQNDFFHVVLRQ
QXPEHU('<3K\ORJHQHWLFDQDO\VLVVKRZV
WKDW WKH FDWDO\WLF GRPDLQ RI 'S DQG LWV
UHODWLYHV FRQVWLWXWH D QHZ 3/ IDPLO\3/[[ )LJ
%$QXQXVXDOIHDWXUHRIWKH'SVHTXHQFHLV
WKH FRPELQDWLRQ RI WKH FDWDO\WLF GRPDLQ ZLWK VR
PDQ\ DFFHVVRU\ QRQFDWDO\WLF PRGXOHV LQFOXGLQJ
WKH &%0 GRPDLQ DQG WKH &%0 'LVFRLGLQ
GRPDLQUDLVLQJTXHVWLRQVDVWRWKHSUHFLVHUROHVRI
WKHVHGRPDLQVLQDOJLQDWHUHFRJQLWLRQ 
 
(Q]\PDWLFSURSHUWLHVRI'SDQGLWVWUXQFDWHG
GHULYDWLYHV 
7R DQDO\]H WKH IXQFWLRQ RI WKH GLIIHUHQW
GRPDLQVRI'SFRQVWUXFWVFRYHULQJ WKHIXOO
OHQJWK ZLOGW\SH SURWHLQ ZLWKRXW WKH 1WHUPLQDO
VLJQDOSHSWLGHDQGD VHULHVRI WUXQFDWLRQPXWDQWV
70 WR 70 ZHUH SURGXFHG )LJ $ 7KH
ELRLQIRUPDWLFV DQDO\VLV ZDV XVHG WR GHVLJQ
WUXQFDWHG FRQVWUXFWV ZKLFK VRXJKW WR LVRODWH
IUDJPHQWVWRLGHQWLI\WKHORFDWLRQRIWKHDFWLYHVLWH
UHJLRQ7KHVHFRQVWUXFWVZHUHH[SUHVVHGDVVROXEOH
SURWHLQV DQG SXULILHG WR KRPRJHQHLW\ $FWLYLW\
DVVD\V VKRZHG WKDW WKH FRPELQDWLRQ RI WKH
'8) GRPDLQ DQG +HSDUB,,B,,, UHJLRQ ZHUH
QHFHVVDU\IRUWKHDOJLQDWHO\DVHDFWLYLW\RI'S
7KHIXOOOHQJWKHQ]\PHKDVDS+RSWLPXPRI
DQG VKRZV FRQVLGHUDEOH WKHUPRVWDELOLW\ ZLWK D
WHPSHUDWXUHRSWLPXPRIÛ&ZLWKDKDOIOLIHRI
PLQ )LJ 6 7KHVH SURSHUWLHV ZHUH VLPLODUO\
UHIOHFWHG LQ WKH7070 FRQVWUXFWV &RQVWUXFWV
70DQG70ZKLFK ODFN WKH'8)GRPDLQ
DQG WKH +HSDUB,,B,,, UHJLRQ VKRZHG QR FDWDO\WLF
DFWLYLW\ 7KHVH UHVXOWV VXJJHVW WKDW WKH 70
FRQVWUXFW FRQWDLQV WKH PLQLPDO XQLW UHTXLUHG IRU
DFWLYLW\ DQG WKDW WKH RWKHU GRPDLQV PXVW EH
LQYROYHGLQDVSHFWVRIVXEVWUDWHUHFRJQLWLRQLQWKH
FRQWH[WRIWKHDOJLQDWHPDWUL[&RPSDULVRQRIWKH
NLQHWLF SDUDPHWHUV RI 'S DQG LWV WUXQFDWLRQ
PXWDQWVVKRZHGWKDWWKH.PIRU'SLVVPDOOHU
WKDQ WKDW IRU RWKHU WUXQFDWHG GHULYDWLYHV DQG WKH
FDWDO\WLF HIILFLHQF\ NFDW.P LV KLJKHU DJDLQ
SRVVLEO\LQGLFDWLQJWKDWWKHQRQFDWDO\WLFGRPDLQV
IXQFWLRQ WR LPSURYH VXEVWUDWH SURFHVVLQJ 7DEOH
6$QDO\VLVRIWKHLQFXEDWLRQRIWKHHQ]\PHZLWK
DOJLQDWH VKRZHG WKDW WKH PDMRU SURGXFWV RI
FOHDYDJHZHUHGLWULDQGWHWUDVDFFKDULGHV)LJ
 
 
$QDO\VLVRIWKHDOJLQDWHELQGLQJSURSHUWLHVRIWKH
QRQFDWDO\WLFGRPDLQV 
([WHQVLYH ELRFKHPLFDO GDWD DQG VHTXHQFH
FRPSDULVRQVKDYHLQGLFDWHGWKDWHQ]\PHVLQYROYHG
LQ FDUERK\GUDWH FKHPLVWU\ SRVVHVV D PRGXODU
VWUXFWXUHDVDSDUWRIZKLFKDFDWDO\WLFPRGXOHLV
DVVRFLDWHGZLWKRQHRUPRUHQRQFDWDO\WLFPRGXOHV
LQ D PXOWLIXQFWLRQDO SRO\SHSWLGH FKDLQ 7KLV
W\SHRIDUFKLWHFWXUHLVFRPPRQIRUPDQ\3/IDPLO\
HQ]\PHVEXWLWLVOHVVFRPPRQIRUDOJLQDWHO\DVHV
DOWKRXJKLQVRPHEXWQRWDOOHQ]\PHVEHORQJLQJ
WRWKH3/IDPLO\DFFHVVRU\PRGXOHVEHORQJLQJWR
&%0&%0DQG&%0KDYHEHHQLGHQWLILHG
 &XUUHQWO\ WKH SUHFLVH UROHV RI WKHVH
GRPDLQV LQ DOJLQDWH O\DVHV DUH SRRUO\ XQGHUVWRRG
ZLWKRQO\ZHDNELQGLQJRIWKH&%0GRPDLQVWR
WKH ROLJRVDFFKDULGH EHLQJ UHSRUWHG 
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0RUHRYHUQRWKLQJLVNQRZQDERXWWKHIXQFWLRQRI
WKH IDU PRUH FRPSOH[ DUUDQJHPHQW RI DFFHVVRU\
GRPDLQVLQ'S 
7RLQYHVWLJDWHWKHVXEVWUDWHELQGLQJSURSHUWLHV
RI GLIIHUHQW GRPDLQV RI 'S QHJDWLYH VWDLQ
HOHFWURQPLFURVFRS\ZDVXVHGWRVKRZWKDWZKHQ
PL[HG ZLWK DOJLQDWH 'S IRUPV GHQVH
DJJUHJDWHVDORQJWKHDOJLQDWHFKDLQ)LJ67KH
DIILQLW\ RI 'S DQG 7070 IRU VROXEOH
DOJLQDWH ZDV TXDOLWDWLYHO\ HYDOXDWHG E\ QDWLYH
DIILQLW\ 3$*( )LJ  DQG VKRZHG WKDW WKH
HOHFWURSKRUHWLF PRELOLW\ RI WKH FRQVWUXFWV
FRQWDLQLQJ WKH &%0 GRPDLQ 'S 70
7070DQG70ZHUHGUDPDWLFDOO\UHWDUGHG
E\LQFOXVLRQRIZYDOJLQDWHDOWKRXJKVRPH
UHWDUGDWLRQZDVDOVRQRWHGZLWK70DQG70)LJ
( 7KHVH UHVXOWV VXJJHVW WKDW ZLWKLQ WKH
ERXQGDULHV RI WKH 70 FRQVWUXFW UHVLGXHV IURP
WRZKLFKLQFOXGHVWKH&%0GRPDLQ
WKH 'S FRQWDLQV RQH RU PRUH GRPDLQV ZLWK
FRQVLGHUDEOH DIILQLW\ IRU DOJLQDWH $V DQ
H[WUDFHOOXODU FDUERK\GUDWH DFWLYH HQ]\PH WKH
HIILFLHQW UHFRJQLWLRQ E\ 'S RI WKH VXEVWUDWH
ZRXOGIDFLOLWDWHSRO\VDFFKDULGHGHJUDGDWLRQRIWKH
FHOO ZDOOV RI EURZQ DOJDH E\ ' SKDSK\SKLOD WR
SHUPLWWKHVXEVHTXHQWXWLOL]DWLRQRIWKHGHJUDGDWLRQ
SURGXFWVDVDFDUERQVRXUFHIRUWKHEDFWHULXP
7KHKLJKHUFDWDO\WLFHIILFLHQF\NFDW.PRIWKHIXOO
OHQJWK 'S HQ]\PH FRPSDUHG WR DOO RWKHU
FRQVWUXFWV ZKLFK LQYROYH GHOHWLRQ RI WKH YDULRXV
DFFHVVRU\ GRPDLQV LQGLFDWHV WKDW WKHVH QRQ
FDWDO\WLF PRGXOHV SOD\ D UROH LQ DVVLVWLQJ WKH
HQ]\PHLQUHFRJQL]LQJWKHVXEVWUDWHXQGHUQDWXUDO
FRQGLWLRQV7DEOH6 
 
6WUXFWXUHRIWKHFDWDO\WLFGRPDLQ 
&RQVLVWHQWZLWKJHOILOWUDWLRQVWXGLHVVWUXFWXUH
GHWHUPLQDWLRQRI70DWc VKRZHG WKDW WKH
IRXUVXEXQLWVLQWKHDV\PPHWULFXQLWRIWKHFU\VWDOV
RI WKH DSR SURWHLQ IRUP LQGHSHQGHQW PRQRPHUV
ZLWKDQRYHUDOOVXEXQLWDUFKLWHFWXUHFRQVWUXFWHGRI
WKUHH GRPDLQV )LJ  7KH 1WHUPLQDO GRPDLQ
$OD3URLVODUJHO\KHOLFDOEHLQJIRUPHGIURP
DQLQFRPSOHWHĮĮWRURLG)LJ%7KHFHQWUDO
GRPDLQ $VS7\U LV IRUPHG IURP 
DQWLSDUDOOHO ȕVWUDQGV DUUDQJHG LQ WZR ȕVKHHWV
WRJHWKHUZLWKDGLVWRUWHGĮKHOL[)LJ&DQG)LJ
67KH&WHUPLQDOGRPDLQ$ODWR*O\LV
FRPSRVHGRIWZRDQWLSDUDOOHOȕVKHHWVZKLFKIRUP
DW\SLFDOȕVDQGZLFKFRPSULVLQJȕVWUDQGV)LJ
'DQG)LJ62QH IDFHRI WKHFHQWUDOGRPDLQ
SDFNV DJDLQVW WKH &WHUPLQDO GRPDLQ WR IRUP D
IRXUOD\HUHG ȕVKHHW VWDFN ZLWK WKH RWKHU IDFH
SDFNLQJDJDLQVWWKHKHOLFDO1WHUPLQDOGRPDLQ)LJ
$ 
6WUXFWXUDO FRPSDULVRQ XVLQJ WKH 'DOL
VWUXFWXUDODOLJQPHQWVHUYHULGHQWLILHGPDWFKHV
EHWZHHQ 70 DQG GRPDLQV IRXQG LQ HQ]\PHV
EHORQJLQJ WR D QXPEHU RI 3/ IDPLOLHV LQFOXGLQJ
3/3/3/3/3/DQG3/7DEOH
7KH1WHUPLQDOGRPDLQPRVWFORVHO\UHVHPEOHVWKH
VWUXFWXUHRIWKH3/HQGRW\SHDOJLQDWHO\DVHIURP
6SKLQJRPRQDVVS(<ZLWKDQ506'RIc
+RZHYHU WKH ODWWHU LV D PXFK VLPSOHU VWUXFWXUH
ODFNLQJ WKH RWKHU WZR GRPDLQV RI WKH FDWDO\WLF
UHJLRQ DQG DOO RI WKH DFFHVVRU\ ELQGLQJ GRPDLQV
IRXQG LQ 'S )LJ 6 7KH PRUH FRPSOH[
DUFKLWHFWXUH RI WKH FDWDO\WLF GRPDLQ RI 70 LV
PLUURUHGLQUHSUHVHQWDWLYHH[RW\SHDOJLQDWHO\DVHV
EHORQJLQJ WR IDPLO\ 3/ 2-= DQG WKH
HQGRW\SH 3/ IDPLO\ KHSDULQDVH )84 ZKLFK
FRQWDLQ DOO WKUHH GRPDLQV  )LJ 6
([WHQVLYH VLPLODULWLHV ZHUH DOVR REVHUYHG WR WKH
H[RW\SH DOJLQDWH O\DVH EHORQJLQJ WR IDPLO\ 3/
$)/ ZKLFK FRQWDLQ HTXLYDOHQWV RI WKH 1
WHUPLQDO DQG FHQWUDO GRPDLQV EXW ZLWK D PXFK
VPDOOHU&WHUPLQDOGRPDLQDQGZKLFKDOVRKDYHDQ
DGGLWLRQDO 1WHUPLQDO ȕVKHHW H[WHQVLRQ ZKLFK LV
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QRW IRXQG LQ WKH 70 VWUXFWXUH  )LJ 6
:KLOVWWKHVHTXHQFHVLPLODULWLHVEHWZHHQDOOWKHVH
HQ]\PHVDQG'SRQO\IDOOLQWKHUHJLRQRI
  LGHQWLW\ 7DEOH  WKH VXSHUSRVLWLRQV VKRZ
WKDW PDQ\ RI WKH FRQVHUYHG UHVLGXHV RFFXS\
HTXLYDOHQWSRVLWLRQVLQWKHVWUXFWXUHV)LJ 
 
0HWDOELQGLQJVLWHV 
,&306 DQG 0&$ DQDO\VLV LQGLFDWHG WKH
SUHVHQFHRI&D0Q DQG)H LQSXULILHG70
7DEOH 6 DQG )LJ 6 &RQVLVWHQW ZLWK WKLV WKH
LQLWLDO 6$' HOHFWURQ GHQVLW\ PDS VKRZHG WKUHH
YHU\VWURQJSHDNVLQLGHQWLFDOSRVLWLRQVLQHDFKRI
WKH WKUHHVXEXQLWV LQWKHDV\PPHWULFXQLW WKDWDUH
DVVRFLDWHG ZLWK JRRG HOHFWURQ GHQVLW\ LQGLFDWLQJ
WKDWWKHVHZHUHPHWDOLRQV([DPLQDWLRQRIWKHERQG
OHQJWKVFRRUGLQDWLRQFKHPLVWU\DQG WKHQDWXUHRI
WKH OLJDQGV OHG WR WKHDVVLJQPHQWRI WZRRI WKHVH
SHDNVDV&DFRQVLVWHQWZLWKWKHQXPEHURI&D
LRQVSHUVXEXQLWIURP,&306%RWK&DLRQVDUH
DVVRFLDWHG ZLWK WKH FHQWUDO GRPDLQ ZLWK RQH RI
WKHP&DVWDELOL]LQJWKHLQWHUDFWLRQEHWZHHQLWV
ȕVKHHWDQGWKDWLQWKH&WHUPLQDOGRPDLQDQGWKH
RWKHU &D O\LQJ DW WKH LQWHUIDFH ZLWK WKH 1
WHUPLQDOGRPDLQ7KHFDUER[\OR[\JHQVRI*OX
*OXDQG$VSFDUERQ\OR[\JHQRI+LV
DQGWZRZDWHUPROHFXOHVZDQGZDFWDVWKH
OLJDQGV RI &D )LJ $ ZKLOH WKH FDUER[\O
R[\JHQV RI $VS $VS WKH VLGH FKDLQ
FDUERQ\O R[\JHQ RI *OQ WKH PDLQ FKDLQ
FDUERQ\O R[\JHQ RI 7KU DQG WZR ZDWHU
PROHFXOHVZDQGZFRRUGLQDWH&D)LJ
%DQG7DEOH7KHWKLUGPHWDOSHDNOLHVFORVHWR
&D DQG LV RFWDKHGUDOO\ FRRUGLQDWHGE\+LV
$VS +LV DQG WKUHH ZDWHU PROHFXOHV Z
ZDQGZZLWKGLVWDQFHVRIc7DEOH
*LYHQ WKHPHWDO OLJDQGJHRPHWU\DQGFDOFXODWLRQ
RIWKHERQGYDOHQFHVXPWKHREVHUYDWLRQIURP
,&306 WKDW SUHSDUDWLRQV RI 70 FRQWDLQV
PDQJDQHVH DQG LURQ 7DEOH 6 DQG WKH
LGHQWLILFDWLRQRIERWK WKHVHHOHPHQWV LQ WKH0&$
VSHFWUXPRID70FU\VWDO)LJ6LWLVOLNHO\WKDW
LQWKHFU\VWDOWKLVVLWHPD\EHRFFXSLHGE\DPL[WXUH
RI ERWK 0Q DQG )H 7KLV DVVLJQPHQW LV
FRQVLVWHQW ZLWK WKH EHKDYLRU RI WKH PHWDO LRQ LQ
UHILQHPHQW ZKHUH IRU H[DPSOH LWV UHILQHG
WHPSHUDWXUHIDFWRULQVXEXQLW$RIWKHDSRVWUXFWXUH
cLVVLPLODUWRWKHDYHUDJHRIWKHVL[OLJDQGV
 c :H VXJJHVW WKDW XQGHU WKH JURZWK
FRQGLWLRQV RI ' SKDSK\SKLOD WKLV PHWDO LV
SUREDEO\ D 0Q LRQ :H QRWH WKLV PHWDO VLWH LV
HVVHQWLDOO\LGHQWLFDOLQSRVLWLRQDQGLQWKHQDWXUHRI
WKH OLJDQG WR WKDW UHSRUWHG IRU D =Q LRQ LQ WKH
VWUXFWXUHV RI D 3/ IDPLO\ DOJLQDWH O\DVH DQG D
3/IDPLO\KHSDULQDVH)LJ%DQG&
+RZHYHU RXU HQ]\PHGRHVQRW FRQWDLQ ]LQF DQG
WKHREVHUYHGRFWDKHGUDOJHRPHWU\RI WKHPHWDO LQ
WKHVH RWKHU HQ]\PHV UDWKHU WKDQ WHWUDKHGUDO
FRRUGLQDWLRQ WKDW ZRXOG EH H[SHFWHG IRU =Q
VXJJHVWVWKDWWKHSUHYLRXVDVVLJQPHQWRID=QLRQ
WRWKLVVLWHLV LQFRUUHFW$IRXUWKPHWDOLRQ0J
KDVEHHQLGHQWLILHGLQWKHHOHFWURQGHQVLW\PDSRI
70 OLJDWHG E\ $VS WKH FDUERQ\O R[\JHQ RI
7US DQG IRXU ZDWHU PROHFXOHV Z Z
Z DQG Z )LJ & 7KLV DVVLJQPHQW LV
FRQVLVWHQW ZLWK WKH OLJDQG JHRPHWU\ WKH PHWDO
OLJDQG GLVWDQFHV DQG WKH IDFW WKDW WKH UHILQHG %
IDFWRUVDUHFRPSDUDEOHZLWK WKRVHRIQHLJKERULQJ
DWRPV 7KLV PHWDO LV WKRXJKW WR DULVH IURP WKH
FU\VWDOOL]DWLRQVROXWLRQZKLFKFRQWDLQVPDJQHVLXP
FKORULGH DQG LV QRW WKRXJKW WR EH ELRORJLFDOO\
VLJQLILFDQW 
 
6XEVWUDWHELQGLQJDQGPHFKDQLVPRI'S 
7KH FDWDO\WLF VLWH RI 70 ZDV LQLWLDOO\
LGHQWLILHG IROORZLQJ FRFU\VWDOOL]DWLRQ ZLWK
VXEVWUDWH 0 DQG WKH VWUXFWXUH ZDV VROYHG E\
PROHFXODU UHSODFHPHQW DW D UHVROXWLRQ RI  c
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7DEOH  &RQVLVWHQW ZLWK ELRFKHPLFDO GDWD WKDW
LQGLFDWHWKDWWKHIXOOOHQJWKHQ]\PHDQG70FDQ
FOHDYHVPDOOROLJRVDFFKDULGHVH[DPLQDWLRQRIWKH
UHVXOWDQW HOHFWURQ GHQVLW\ PDS SURYLGHG FOHDU
HYLGHQFH IRU WKHELQGLQJRI D WULVDFFKDULGH UDWKHU
WKDQDSHQWDVDFFKDULGH)LJ7KLVVXJJHVWVWKDW
WKHELQGLQJ VLWH LV RFFXSLHG E\ D SURGXFWǻ00
ZLWKDQXQVDWXUDWHGXURQLFDFLGDWWKHQRQUHGXFLQJ
HQG 7KXV WKH WKUHH VXJDUV DUH SUHVXPHG WR EH
ERXQGDWVXEVLWHVDQGZLWKWKHJHQHUDO
ORFDWLRQ RI WKH DFWLYH VLWH EHLQJ DGMDFHQW WR WKH
XQVDWXUDWHGVXJDUDWVXEVLWH([DPLQDWLRQRIWKLV
UHJLRQVXJJHVWHGWKDW+LVPLJKWSOD\DSLYRWDO
UROHLQWKHUHDFWLRQPHFKDQLVPDQGVXEVHTXHQWO\DQ
+$ PXWDQW ZDV VKRZQ WR EH FDWDO\WLFDOO\
LQDFWLYH &RFU\VWDOOL]DWLRQ RI 0 ZLWK WKH 70
+$PXWDQWOHGWRDVWUXFWXUHZLWKFOHDUGHQVLW\
IRUDOOWKHVXJDUVZLWKQRVLJQRIDQ\FOHDYDJHE\
WKHHQ]\PH 
$QDO\VLVRIWKHVWUXFWXUHRIWKHFRPSOH[ZLWK
0VKRZVWKDWWKHROLJRVDFFKDULGHELQGVLQDORQJ
FOHIW IRUPHG EHWZHHQ WKH1WHUPLQDO GRPDLQ DQG
WKHFHQWUDOGRPDLQZLWKLWVILYHVXJDUPROHFXOHVLQ
ZKDWDUHSUHVXPHGWREHVXEVLWHV±±
)LJ  DQG 7DEOH  DQG VXSHUSRVLQJ ZHOO ZLWK
HTXLYDOHQWSDUWVRIWKHVWUXFWXUHRIǻ002QHZDOO
RI WKH VXEVWUDWH ELQGLQJ JURRYH LV IRUPHG IURP
UHVLGXHV FORVH WR WKH VWDUW RI Į 6HU DQG
7\U WKH ORRS EHWZHHQ Į DQG Į $UJ
+LV$VQDQG+LVWKHORRSEHWZHHQĮ
DQG Į *O\ 6HU DQG 7\U DQG
UHVLGXHV IURP Į +LV 7\U DQG 7\U
)LJDQG)LJ67KHRWKHUZDOOLVIRUPHGIURP
UHVLGXHV DVVRFLDWHG ZLWK WKH ORRS OHDGLQJ WR Į
7\U DQG WKH ORRS FRQQHFWLQJ ȕ WR ȕ
$VQDQG+LV)LJDQG)LJ6:HQRWH
WKDWWKHVXEVWUDWHELQGLQJFOHIWLVRSHQDWERWKHQGV
VXFK WKDW ORQJHU FKDLQ SRO\VDFFKDULGHV FDQ EH
DFFRPPRGDWHG E\ WKH HQ]\PH )LJ  &ULWLFDO
LQWHUDFWLRQVEHWZHHQWKHHQ]\PHDQGWKHVXEVWUDWH
LQYROYHWKHUHFRJQLWLRQRIWKH&FDUER[\OPRLHW\
RQ HDFK RI WKH XURQLF DFLG UHVLGXHV ZKLFK
DOWHUQDWHO\ SRLQW WR RSSRVLWH ZDOOV RI WKH
ROLJRVDFFKDULGH ELQGLQJ VLWH ± 6HU ±
7\U  $VQ +LV DQG +LV 
6HU $UJDQG+LV )LJ &DQG
7DEOH 
7KHLGHQWLILFDWLRQRIWKHXQVDWXUDWHGVXJDUDW
WKH  VXEVLWH FRQVLGHUDWLRQ RI LWV HQYLURQPHQW
DQG FRPSDULVRQ ZLWK WKH HTXLYDOHQW VXJDU LQ 0
VWURQJO\LPSOLFDWHG+LVDVWKHFDWDO\WLFEDVHLQ
WKHILUVWVWHSRIWKHȕHOLPLQDWLRQUHDFWLRQDVWKLV
UHVLGXHLVLGHDOO\SODFHGWRUHPRYHWKH&SURWRQ
RIWKH0VXJDUZKLFKLVDFLGLFDVDUHVXOWRIWKH
DGMDFHQWFDUER[\OJURXS)LJ7KLVZRXOGOHDG
WR WKH IRUPDWLRQ RI D & DFLFDUER[\ODWH ZKLFK
FRXOGEHVWDELOL]HGE\$VQ+LVDQG+LV
)LJ % 6XEVHTXHQW FROODSVH RI WKH DFL
FDUER[\ODWHZRXOGWKHQOHDGWRWKHIRUPDWLRQRIWKH
GRXEOH ERQG EHWZHHQ & DQG & ZLWK WKH
FRQFRPLWDQW FOHDYDJH RI WKH JO\FRVLGLF ERQG
EHWZHHQ WKH ± DQG  XURQLF DFLGV DQG WKH
SURWRQDWLRQRIWKH2OHDYLQJJURXSE\7\UWR
FRPSOHWHWKHUHDFWLRQ)LJ7KHLPSRUWDQFHRI
+LV 7\U DQG +LV WR FDWDO\VLV ZDV
LQYHVWLJDWHGE\PXWDWLRQZLWKSUHOLPLQDU\DFWLYLW\
GDWD VKRZLQJ WKDW +$ DQG +$ DUH WRWDOO\
LQDFWLYHZKLOH+)+)<$DQG<)
H[KLELWDGUDPDWLFGHFUHDVH LQ DFWLYLW\ UHODWLYH WR
70 7DEOH 6 FRQVLVWHQW ZLWK WKH SURSRVHG
PHFKDQLVP 7KH ILQGLQJ WKDW WKH ROLJRVDFFKDULGH
ELQGLQJVLWHDWWKHQRQUHGXFLQJHQGRIWKHXURQLF
DFLG DW WKH  VXEVLWH LV RSHQ DQG XQKLQGHUHG
WRJHWKHUZLWKWKHREVHUYHGELQGLQJRIVXJDUVLQWKH
± DQG ± VXEVLWHV ZLWK 0 SURYLGHV D FOHDU
H[SODQDWLRQRIWKHHQGRO\WLFDFWLYLW\RIWKHHQ]\PH
,QWHUHVWLQJO\ ZH QRWH QR PDMRU FRQIRUPDWLRQ
FKDQJHV RU GRPDLQ UHDUUDQJHPHQWV RQ VXEVWUDWH
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ELQGLQJ 
7KH ILQGLQJ WKDW 'S LV FDSDEOH RI
GHSRO\PHUL]LQJERWKSRO\0DQGSRO\*UDLVHV WKH
TXHVWLRQ DV WR KRZ WKLV LV SRVVLEOH JLYHQ WKH
VWHUHRFKHPLFDOGLIIHUHQFHVEHWZHHQWKHWZRVXJDUV
ZKLFK GLIIHU LQ WKH FKLUDOLW\ RI WKH FULWLFDO &
FDUERQDWRP7KXVFRPSDUHGWRSRO\0WKHSURWRQ
UHPRYHG E\ HQ]\PH LQ WKH GHSRO\PHUL]DWLRQ RI
SRO\*ZRXOGOLHRQWKHRSSRVLWHIDFHRIWKHVXJDU
:H QRWH WKH H[LVWHQFH RI WKH DGGLWLRQDO KLVWLGLQH
UHVLGXH LQ WKHDFWLYH VLWH+LVZKLFK OLHV LQD
VXLWDEOHSRVLWLRQWRSRVVLEO\IXOILOOWKLVUROH 
 
0HFKDQLVWLF FRPSDULVRQ WR RWKHU 3/ IDPLO\
HQ]\PHV 
([DPSOHV RI ERWK H[RW\SH DQG HQGRW\SH
DOJLQDWHO\DVHVEHORQJLQJWR3/IDPLO\KDYHEHHQ
LGHQWLILHG7KHVHVLQJOHGRPDLQHQ]\PHVDUH
KLJKO\GLYHUJHQWLQWKHLUDPLQRDFLGVHTXHQFHZLWK
VLPLODULWLHVRIWKHRUGHURILGHQWLW\\HWKDYLQJ
DKLJKO\UHODWHGMHOO\UROOIROG&RPSDULVRQRI
WKHVHHQ]\PHVKDYHVKRZQWKDWWKH\FRQVHUYHNH\
UHVLGXHV LQYROYHG WKH UHDFWLRQ PHFKDQLVP 
+RZHYHUWKHDUFKLWHFWXUHRIWKHVXEVWUDWHELQGLQJ
VLWHLVUDGLFDOO\GLIIHUHQWVXFKWKDWLQWKHHQGRW\SH
O\DVHV WKH SRO\VDFFKDULGH ELQGLQJ VLWH LV IRUPHG
IURPDORQJJURRYHRQWKHHQ]\PHVXUIDFHWKDWLV
RSHQDWERWKHQGVZKHUHDVLQWKHH[RW\SHHQ]\PH
WKH SRFNHW LV VWHULFDOO\ KLQGHUHG DW WKH QRQ
UHGXFLQJ HQG VXJDU VXFK WKDW RQO\ WKH WHUPLQDO
VDFFKDULGHUHVLGXHDWWKH±SRVLWLRQFDQEHFOHDYHG
LQDQ\RQHFDWDO\WLFF\FOHWROHDYHDVDFFKDULGHZLWK
DǻXQLWDWWKHSRVLWLRQ 
:KLOVWWKHIROGRI'SLVWRWDOO\XQUHODWHG
WRWKDWRIWKH3/HQ]\PHVFRPSDULVRQRIWKHPRUH
FRPSOH[PXOWLGRPDLQH[RW\SHDOJLQDWHO\DVHVDQG
'S WKH ILUVW HQGRW\SH PXOWLGRPDLQ DOJLQDWH
O\DVH WR KDYH LWV VWUXFWXUH GHWHUPLQHG UHYHDOV D
VWULNLQJ SDUDOOHO LQ KRZ WKH H[R DQG HQGR
VSHFLILFLW\ LV FRQWUROOHG 7KXV GHVSLWH WKLV
GLIIHUHQFH LQ VSHFLILFLW\ PDQ\ RI WKH UHVLGXHV
LPSOLFDWHGLQ WKHFDWDO\WLFPHFKDQLVPRI'S
HJ+LV7\UDQG+LVDUHFRQVHUYHGLQ
WKH 3/ DQG 3/ HQ]\PHV )LJ  LQ DQ
DQDORJRXV PDQQHU WR WKH SDWWHUQ VHHQ LQ WKH 3/
IDPLO\0RUHRYHULQWKH3/3/DQG3/
HQ]\PHVDVZHOODVLQ'SWKHUHFRJQLWLRQRI
WKH & FDUER[\O JURXS RI WKH SRO\VDFFKDULGH
VXEVWUDWHLVDNH\GHWHUPLQDQWRIVSHFLILFLW\ 
,QDGGLWLRQWKHEURDGROLJRVDFFKDULGHELQGLQJ
JURRYHLQ'SWKDWLVRSHQDWERWKHQGV)LJ
PLUURUVWKHVWUDWHJ\IRUHQGRO\WLFDFWLYLW\XVHG
E\ WKH HTXLYDOHQW 3/ HQ]\PH $O\$ 
6LPLODUO\LQDSDWWHUQFORVHO\UHODWHGWRWKDWLQWKH
3/ HQ]\PHV FRPSDULVRQ RI 'S DQG WKH
H[RW\SH3/DQG3/DOJLQDWHO\DVHV$WX
IURP$WXPHIDFLHQVDQG$OJFIURP6GHJUDGDQV
UHVSHFWLYHO\ VKRZ WKDW GHVSLWH WKHLU FRPPRQ
DUFKLWHFWXUHWKHVWUXFWXUHRIWKHH[RW\SHO\DVHVDUH
VHYHUHO\ VWHULFDOO\ KLQGHUHG VR DV WR DOORZ WKH
ELQGLQJRIRQO\DVLQJOHVXJDUDWD±SRVLWLRQWRWKH
FOHDYDJH VLWH )LJ  ,Q WKH FDVH RI WKH 3/
HQ]\PH D PDMRU GHWHUPLQDQW RI WKH VWHULF
KLQGUDQFH DULVHV IURP D VKRUW KHOL[ + ZKLFK
EORFNV WKH HQG RI WKH SRO\VDFFKDULGH ELQGLQJ
JURRYH  ,Q WKH 3/ HQ]\PH UHVLGXHV
EHORQJLQJWRDȕWXUQEHWZHHQWZRVWUDQGVLQWKH&
WHUPLQDOGRPDLQRIDWZRIROGUHODWHGVXEXQLWLQWKH
GLPHUVHDORIIWKHSRFNHWUHVWULFWLQJWKHHQ]\PHWR
H[RO\WLFDFWLYLW\DORQH0RUHRYHUFRPSDUHGWR
WKHVH HQ]\PHV ZKHUH VLJQLILFDQW FRQIRUPDWLRQDO
FKDQJHV RQ VXEVWUDWH ELQGLQJ KDYH EHHQ UHSRUWHG
DQG SURSRVHG DV D FRPPRQ IHDWXUH RI WKH
PXOWLGRPDLQO\DVHVEHORQJLQJWRWKHĮĮQ WRURLG
VWUXFWXUDO FODVV  WKH DSSDUHQW DEVHQFH RI
VXFK FKDQJHV LQ 'S ZRXOG SRLQW WR WKLV QRW
QHFHVVDULO\EHLQJDXQLYHUVDOIHDWXUHRI WKHZLGHU
HQ]\PH IDPLO\ 6WUXFWXUDO FRPSDULVRQV IXUWKHU
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VKRZWKDWLQDGGLWLRQWRWKHVLPLODULW\RIWKHRYHUDOO
IROGWKHDFWLYHVLWHRI'SLVFORVHO\UHODWHGWR
WKDWRI WKH HQGRW\SH3/+HSDULQDVH ,, IURP3
KHSDULQXVWKDWFDQFOHDYHERWKKHSDULQDQGKHSDUDQ
VXOIDWH)LJ7KLVVLPLODULW\H[WHQGVWRWKH
FRQVHUYDWLRQ RI WKH UHVLGXHV WKDW KDYH EHHQ
LPSOLFDWHGLQWKHȕHOLPLQDWLRQFKHPLVWU\LQFOXGLQJ
WKHVH LQYROYHG LQ DVSHFWV RI DFLGEDVH FDWDO\VLV
7\UDQG+LV'SQXPEHULQJLQWKH
VWDELOL]DWLRQ RI WKH DFLFDUER[\ODWH LQWHUPHGLDWH
$VQDQG+LV)LJ%DQG&DQGLQWKH
RSHQDUFKLWHFWXUHRIWKHVXEVWUDWHELQGLQJFOHIW)LJ
' 
 
&RQFOXVLRQV 
$OJLQDWH LV RQH RI WKH PDMRU FRPSRQHQWV RI
WKHPDWUL[ZKLFKLVUHVSRQVLEOHIRURUJDQL]LQJWKH
PDFURFHOOXODU DVVHPEO\ RI DOJDO FHOOV LQ EURZQ
VHDZHHG DQG WKLV SRO\PHU DQG VPDOO
ROLJRVDFFKDULGHV GHULYHG IURP LW KDYH PDQ\
DSSOLFDWLRQVLQDUHDVRIIRRGSKDUPDFHXWLFDODQG
ELRPDWHULDOLQGXVWULHV7KHGLVFRYHU\DQGGHWDLOHG
DQDO\VLVRI'SIURPDPDULQHWKHUPRSKLOH'
SKDSK\SKLOD WKHILUVWPHPEHUDOJLQDWH O\DVHRID
QHZIDPLO\RI3/[[KDVSURYLGHGQHZLQVLJKWVLQWR
WKH VWUDWHJLHV WKDW FDQEHXVHG WREULQJDERXW WKH
GHSRO\PHUL]DWLRQ RI WKLV LPSRUWDQW SRO\PHU 7KH
UHVXOWV SUHVHQWHG KHUH QRW RQO\ SURYLGH D FOHDU
PROHFXODU EDVLV IRU WKH HQGRW\SH DFWLYLW\ RI WKH
HQ]\PHEXWDOVRUHYHDOWKHJHQHULFVWUDWHJLHVXVHG
E\ XQUHODWHG PXOWLGRPDLQ DQG VLQJOH GRPDLQ
HQ]\PHVFDWDO\]LQJWKLVFKHPLVWU\ 
 
([SHULPHQWDOSURFHGXUHV 
&ORQLQJRYHUH[SUHVVLRQDQGSXULILFDWLRQ 
,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI WKH '
SKDSK\SKLOD $OJ VWUDLQ KDV SUHYLRXVO\ EHHQ
UHSRUWHG  +HWHURORJRXV H[SUHVVLRQ DQG
SXULILFDWLRQ RI 'S LWV WUXQFDWHG GHULYDWLYHV
DQGWKHVLWHGLUHFWHGPXWDQWVZHUHPDGHIROORZLQJ
WKH PHWKRGV GHVFULEHG E\ =KDQJ HW DO  7R
IDFLOLWDWHKHWHURORJRXVH[SUHVVLRQRI'S WKH
1WHUPLQDO  UHVLGXH VLJQDO SHSWLGH ZDV QRW
LQFOXGHG LQ DQ\RI WKH H[SUHVVLRQFRQVWUXFWV)RU
FORQLQJ WKH JHQHV ZHUH DPSOLILHG E\ 3&5 IURP
JHQRPLF'1$SXULILHG DQG OLJDWHG LQWRS($6<
( 7UDQV*HQ %LRWHFK ,QF %HLMLQJ &KLQD
WKURXJKHLWKHU*LEVRQ$VVHPEO\RU7$FORQLQJDV
GHVFULEHGLQ7DEOH67KHSODVPLGVFRQWDLQLQJWKH
JHQHV ZHUH WKHQ WUDQVIRUPHG LQWR ( FROL '+Į
FHOOV6LQJOH FRORQLHVZHUHSLFNHG IURP WKHSODWH
DQGFXOWXUHGLQ/%PHGLXPVXSSOHPHQWHGZLWK
ȝJ PO DPSLFLOOLQ 7KH YHULILHG UHFRPELQDQW
SODVPLGZDVWUDQVIRUPHGLQWR(FROL%/'(
DQGLQFXEDWHGRYHUQLJKWDW&RQDPSLFLOOLQ/%
DJDU SODWHV IURP ZKLFK VLQJOH FRORQLHV ZHUH
LVRODWHG DQG LQRFXODWHG LQ IUHVK DPSLFLOOLQ /%
PHGLXP DQG FXOWXUHG ZLWK DHUDWLRQ RYHUQLJKW DW
&DQGWKHQWUDQVIHUUHGLQWRPODPSLFLOOLQ
/%PHGLXPXQGHUYLJRURXVVKDNLQJUSPDW
 & $IWHU JURZWK WR DQ 2' RI 
LVRSURS\Oȕ'WKLRJDODFWRS\UDQRVLGH ,37* ZDV
DGGHG WR D ILQDO FRQFHQWUDWLRQ RI  P0 WKH
WHPSHUDWXUH ZDV GHFUHDVHG WR  & DQG WKH
FXOWXUHZDVLQFXEDWHGIRUDQDGGLWLRQDOK7KH
FHOOVZHUHKDUYHVWHGE\FHQWULIXJDWLRQJIRU
PLQUHVXVSHQGHGLQDELQGLQJEXIIHUP0
7ULV+&OP01D&OS+DQGUXSWXUHGE\
WKH FHOO GLVUXSWRU &HOO GHEULV ZDV UHPRYHG E\
FHQWULIXJDWLRQDWJIRUPLQWKHQKHDWHG
DW  & IRU  PLQ SUHFLSLWDWHG PDWHULDO ZDV
UHPRYHGE\FHQWULIXJDWLRQDVDERYHDQGFHOO IUHH
H[WUDFW ZDV DSSOLHG RQ D  PO +LV7UDS FDUWULGJH
*(+HDOWKFDUH3URWHLQVZHUHHOXWHGE\DPO
JUDGLHQWRILPLGD]ROHFRQFHQWUDWLRQIURPWR
0DWIORZUDWHPOPLQ$YROXPHRIPOIUDFWLRQV
ZHUH FROOHFWHG DQG DQDO\]HG E\ VRGLXP GRGHF\O
VXOIDWH SRO\DFU\ODPLGH JHO HOHFWURSKRUHVLV 6'6
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3$*(&RPELQHGIUDFWLRQVZLWKWKHWDUJHWSURWHLQ
ZHUHUHGXFHGLQYROXPHWRPOXVLQJ9LYD6SLQ
FRQFHQWUDWLRQ GHYLFH  0:&2 DQG IXUWKHU
SXULILHG E\ VL]H H[FOXVLRQ FKURPDWRJUDSK\ XVLQJ
 î  +L/RDG 6XSHUGH[  FROXPQ *(
+HDOWKFDUHLQP07ULV+&OP01D&OS+
&KURPDWRJUDSK\ZDVSHUIRUPHGRQDQb.7$
SXULILHUV\VWHP*(+HDOWKFDUH 
 
(Q]\PHVDFWLYLW\DVVD\DQGNLQHWLFDQDO\VLV 
$OJLQDWH O\DVH DFWLYLW\ ZDV DVVD\HG E\
PHDVXULQJ WKH LQFUHDVH LQ DEVRUEDQFH DW  QP
$ RI WKH UHDFWLRQ SURGXFWV XQVDWXUDWHG
ROLJRVDFFKDULGHV IRU  PLQ DW  & LQ D TXDUW]
FXYHWWH FRQWDLQLQJPORIDOJLQDWH LQ
P0DFHWLFDFLGVRGLXPDFHWDWHEXIIHUS+DQG
ȝJLQWKHVSHFLILFDFWLYLWLHVPHDVXUHPHQWRIWKH
PXWDQW70ȝJSXULILHGHQ]\PHV2QHXQLW8
RI DFWLYLW\ ZDV GHILQHG DV DQ LQFUHDVH RI  LQ
$ SHU PLQ 3URWHLQ FRQFHQWUDWLRQV ZHUH
GHWHUPLQHG ZLWK WKH %UDGIRUG DVVD\ NLW %LR5DG
/DERUDWRULHV ,QFZLWKERYLQHVHUXPDOEXPLQDV
WKHVWDQGDUG7KLQOD\HUFKURPDWRJUDSK\7/&
DVVD\ZDVSHUIRUPHGRQDVLOLFDJHO)SODWH
0HUFN *HUPDQ\ ZLWK D VROYHQW V\VWHP RI 
EXWDQROIRUPLFDFLGZDWHUYY3URGXFWVRI
WKHFOHDYDJHRIDOJLQDWHZHUHYLVXDOL]HGHLWKHUE\
KHDWLQJ 7/& SODWHV DW  & IRU  PLQ DIWHU
VSUD\LQJZLWKYYVXOIXULFDFLGLQHWKDQROWR
GHWHFW VDWXUDWHG RU XQVDWXUDWHG ROLJRVDFFKDULGHV
QRW LQFOXGLQJ XQVDWXUDWHG PRQRVDFFKDULGH 
RU E\ WKH WKLREDUELWXULF DFLG 7%$ PHWKRG WR
GHWHFWXQVDWXUDWHGPRQRRUROLJRVDFFKDULGHV 
7KH NLQHWLF SDUDPHWHUV RI 'S DQG LWV
WUXQFDWLRQ PXWDQWV IRU WKH GHSRO\PHUL]DWLRQ RI
DOJLQDWHZHUHGHWHUPLQHGE\DGGLQJȝJHQ]\PH
WR  PO RI PL[WXUH FRQWDLQLQJ  P0 DFHWLF
DFLGVRGLXP DFHWDWH EXIIHU S+  DQG YDU\LQJ
FRQFHQWUDWLRQV RI VXEVWUDWH  PJPO 7KH
PL[WXUHZDVLQFXEDWHGDW&IRUPLQDQGWKH
2'RI$ZDVUHFRUGHGWRTXDQWLI\WKHDPRXQW
RIROLJRDOJLQDWHZLWKDQXQVDWXUDWHGHQGSURGXFHG
XVLQJDPRODUH[WLQFWLRQFRHIILFLHQWRIİ 0
 FP IRU WKH UHDFWLRQ SURGXFWV  7KH LQLWLDO
UDWHV RI SURGXFW IRUPDWLRQ ZHUH SORWWHG DJDLQVW
VXEVWUDWH FRQFHQWUDWLRQ DQG WKH DSSDUHQW NLQHWLF
SDUDPHWHUV ZHUH HVWLPDWHG E\ WKH 0LFKDHOLV
0HQWHQ HTXDWLRQ XVLQJ WKH VRIWZDUH *UDSK3DG
3ULVP  *UDSK3DG 6RIWZDUH ,QF 6DQ 'LHJR
&$ 6RGLXP DOJLQDWH IURP EURZQ DOJDH ! 
SXULW\ ZDV SXUFKDVHG IURP 6DQJRQ %LRWHFK
6KDQJKDL&R/WG3RO\0!SXULW\ZLWKD
QXPEHU DYHUDJH GHJUHH RI SRO\PHUL]DWLRQ RI 
DQGSRO\*!SXULW\ZLWKDQXPEHUDYHUDJH
GHJUHH RI SRO\PHUL]DWLRQ RI  ZHUH SUHSDUHG
IURPWKHDOJLQDWHDFFRUGLQJWRWKHPHWKRGRI+DXJ
HWDO 
 
'HWHUPLQDWLRQRIS+DQGWHPSHUDWXUHRSWLPXPRI
'S 
7KUHHEXIIHUV ZHUH XVHG IRU S+ SURILOLQJ RI
'SDQG70P0DFHWLFDFLGVRGLXP
DFHWDWHEXIIHUS+WRP01D+32
1D+32 S+  WR  DQG  P0 7ULV+&O
EXIIHUS+WR7RGHWHUPLQHWKHRSWLPDOS+
RIWKHHQ]\PHVRQDOJLQDWHȝJ'SRURQH
RI LWV WUXQFDWLRQ PXWDQWV ZDV LQFXEDWHG ZLWK 
PJPORIDOJLQDWHLQHDFKEXIIHUDWDJLYHQS+DW
 & DQG DVVD\HG DV GHVFULEHG DERYH )RU
GHWHUPLQDWLRQ RI RSWLPDO WHPSHUDWXUH HDFK
HQ]\PHVDPSOHZDV LQFXEDWHGZLWKPJPORI
DOJLQDWHDW LWVRSWLPDOS+DWYDULRXVWHPSHUDWXUHV
DQG&7KHWKHUPRVWDELOLW\
RI 'S DQG LWV WUXQFDWLRQ PXWDQWV ZHUH
GHWHUPLQHGE\LQFXEDWLQJWKHHQ]\PHVDW&LQ
DZDWHUEDWK$WGLIIHUHQWWLPHSRLQWVDOLTXRWVZHUH
WDNHQ IURP WKH WXEHV DQG UHVLGXDO HQ]\PDWLF
DFWLYLW\ZDVGHWHUPLQHG 
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$IILQLW\ JHO HOHFWURSKRUHVLV DQG VXEVWUDWH
VSHFLILFLW\ 
7KH ELQGLQJ DELOLW\ RI 'S WR VROXEOH
SRO\VDFFKDULGHV ZDV HYDOXDWHG E\ DIILQLW\ JHO
HOHFWURSKRUHVLV $OJLQDWH ZDV DGGHG DW D
FRQFHQWUDWLRQRIZYLQWRWKHVHSDUDWLRQJHO
(OHFWURSKRUHVLV ZDV FDUULHG RXW DW URRP
WHPSHUDWXUHLQQDWLYHZYSRO\DFU\ODPLGH
JHOV $IWHU HOHFWURSKRUHVLV SURWHLQV ZHUH
YLVXDOL]HGWKURXJKVWDLQLQJZLWK&RRPDVVLH%OXH
)RU LQYHVWLJDWLRQ RI VXEVWUDWH VSHFLILFLW\  J
SXULILHG'SDQGZYDOJLQDWHSRO\0
RU SRO\* DV D ILQDO FRQFHQWUDWLRQ LQ  P0
DFHWDWHVRGLXP DFHWDWH EXIIHU S+  ZHUH
LQFXEDWHGLQOUHDFWLRQPL[WXUHIRUPLQDW
 & DQG WKH 2' DW QP ZDV UHFRUGHG WR
HYDOXDWHWKHVXEVWUDWHSUHIHUHQFH 
 
(OHFWURQPLFURVFRS\ 
3XULILHG'SaȝODWDFRQFHQWUDWLRQRI
aPJPODQGaȝORIDOJLQDWHDWaPJPOZHUH
ORDGHGRQWRFDUERQFRDWHGJULGVDQGLQFXEDWHGIRU
 PLQ ([FHVV SURWHLQ VDPSOH ZDV UHPRYHG E\
EORWWLQJ7KHJULGZDVWKHQGLSSHGLQQHJDWLYHVWDLQ
XUDQ\OIRUPDWHZYIRUVDQGZDVKHG
WZLFHLQGLVWLOOHGZDWHU$IWHUDILQDOVWDLQLQJIRU
VWKHH[FHVVVWDLQLQJZDVUHPRYHGE\EORWWLQJ7KH
JULGVZHUHYDFXXPGULHGDQGLPDJHGRQD3KLOLSV
&0 WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH DW DQ
DFFHOHUDWLQJ YROWDJH RI  N9 'LJLWDO LPDJHV
ZHUHFROOHFWHGRQD*DWDQ0XOWLVFDQNîN
FKDUJHFRXSOHGGHYLFH 
 
3K\ORJHQHWLFDQDO\VHV 
5HSUHVHQWDWLYH HQ]\PHV EHORQJLQJ WR 3/
3/3/DQG3/IDPLOLHVZHUHLGHQWLILHGLQ
WKH &DUERK\GUDWH$FWLYH HQ=<PHV &$=\
GDWDEDVHDQGWKHLUDPLQRDFLGVHTXHQFHVDQG
WKDWRI'S1&%,DFFHVVLRQ4''ZHUH
UHWULHYHG IURP WKH 1&%, 3URWHLQ 'DWDEDVH
KWWSZZZQFELQOPQLKJRYVLWHVJTXHU\ 7KH
VHTXHQFHV ZHUH DOLJQHG E\ &OXVWDO: DQG
SK\ORJHQHWLF DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH
VRIWZDUH SDFNDJH 0(*$ YHUVLRQ  XVLQJ WKH
1HLJKERXUMRLQLQJ1-PHWKRG 
 
&U\VWDOOL]DWLRQDQGGDWDFROOHFWLRQ 
,QLWLDO FU\VWDOOL]DWLRQ FRQGLWLRQV ZHUH
GHWHUPLQHG E\ DXWRPDWHG VFUHHQLQJ 1H[WDO
4LDJHQ,QFXVLQJD0DWUL[+\GUD,,FU\VWDOOL]DWLRQ
URERW &U\VWDOV RI 70 FRQVWUXFW DQG 6H0HW
ODEHOHG DQG WKH +$ PXWDQW HQ]\PH ZHUH
RSWLPL]HGE\KDQJLQJGURSYDSRUGLIIXVLRQXVLQJD
 UDWLR RI SURWHLQ WR SUHFLSLWDQW ,Q GHWDLO 
PJPO SURWHLQ LQ  P0 7ULV+&O S+  ZDV
DGGHG WR WKHVDPHYROXPHRISUHFLSLWDQW)RU WKH
70 FRQVWUXFW D SUHFLSLWDQW FRQWDLQLQJ  0
PDJQHVLXPDFHWDWH0VRGLXPFDFRG\ODWHS+
   SRO\HWK\OHQH JO\FRO 3(*  ZDV
XVHG ZKLOH IRU 6H0HWODEHOHG SURWHLQ DQG WKH
+$ PXWDQW WKH SUHFLSLWDQW FRQWDLQHG  0
PDJQHVLXPFKORULGH01D+(3(6S+
ZY 3(*  )RU WKH FRFU\VWDOOL]DWLRQ ZLWK
VXEVWUDWH04LQJGDR%=2OLJR%LRWHFK&R/WG
&KLQDDWDILQDOFRQFHQWUDWLRQRIP0ZDVDGGHG
WRVROXWLRQVFRQWDLQLQJHLWKHU+$PXWDQWRUWKH
FRQVWUXFWDFWLYH70&U\VWDOVZHUHIRUPHGDIWHU
HTXLOLEUDWLQJDJDLQVWDPOUHVHUYRLURIWKHVDPH
SUHFLSLWDQWRYHUWKHFRXUVHRIGD\DW&$OO
FU\VWDOV ZHUH FU\RSURWHFWHG LQ WKH FU\VWDOOL]DWLRQ
VROXWLRQ WRZKLFKHWK\OHQHJO\FROKDGEHHQ
DGGHGSULRUWRIODVKFRROLQJLQOLTXLGQLWURJHQDQG
GDWDVHWVZHUHFROOHFWHGRQWKH0;EHDPOLQHVDWWKH
'LDPRQG/LJKW6RXUFH 
 
3KDVLQJVWUXFWXUHGHWHUPLQDWLRQUHILQHPHQWDQG
VXEVWUDWHUHVWUDLQWV 
 at U
N
IV
ERSITY
 O
F Y
O
RK
 on O
ctober 24, 2019
http://w
w
w
.jbc.org/
D
ow
nloaded from
 
 0HFKDQLVPRIHQGRO\WLFDFWLYLW\RIDQRYHODOJLQDWHO\DVH 
12 
 
&U\VWDOORJUDSKLF SKDVHV ZHUH GHWHUPLQHG
XVLQJ VLQJOH ZDYHOHQJWK DQRPDORXV GLIIUDFWLRQ
6$' GDWD FROOHFWHG IURP D FU\VWDO RI
VHOHQRPHWKLRQLQH6H0HWODEHOHGSURWHLQ1DWLYH
GDWD RQ FU\VWDOV RI WKH 70 FRQVWUXFW ZHUH
FROOHFWHG RQ EHDPOLQH , DW WKH 'LDPRQG /LJKW
6RXUFH'DWDZHUHSURFHVVHGLQ[LD',$/6
 WR  c DQG EHORQJ WR VSDFHJURXS &
6H0HWSHDN6$'GDWDZHUHFROOHFWHGDWc
ZDYHOHQJWKRQEHDPOLQH,DWWKH'LDPRQG/LJKW
6RXUFH 'DWD ZHUH SURFHVVHG LQ [LD',$/6 WR
cLQVSDFHJURXS&7KH6+(/;SURJUDP
VXLWHZDVXVHGWRLGHQWLI\KHDY\DWRPVLWHVDQG
SURGXFHDQLQLWLDOHOHFWURQGHQVLW\PDSLQZKLFK
VXEXQLWVFRXOGEHUHDGLO\LGHQWLILHG$SUHOLPLQDU\
PRGHOZDVEXLOWXVLQJ&RRWDQG%XFFDQHHU
DQGVXEVHTXHQWO\VXEMHFWHGWRURXQGVRIEXLOGLQJLQ
&RRW 'XULQJ WKH FRXUVH RI UHILQHPHQW ZHDNHU
HOHFWURQGHQVLW\IRUDIRXUWKVXEXQLWZDVLGHQWLILHG
DQG FRQILUPHG E\ DQDO\VLV RI WKH GLIIHUHQFH PDS
FRPSDULQJWKH6H0HWDQGVXOIXUPHWKLRQLQHGDWDVHW
DSRQDWLYHXVLQJWKHFDOFXODWHGSKDVHVWRUHYHDO
WKH SRVLWLRQV RI WKH 6HOHQLXP DWRPV LQ DOO WKH
VXEXQLWV &RRUGLQDWHV IRU VXEXQLW $ ZHUH WKHQ
VXSHULPSRVHG RQWR WKH SRVLWLRQ RI WKH IRXUWK
VXEXQLW'DQGZKLOVWWKHHOHFWURQGHQVLW\ZDVDW
DPXFKORZHUOHYHOWKHFRQIRUPDWLRQRIVXEXQLW'
DSSHDUHG WR EH WKH VDPH ,Q RQH UHJLRQ RI WKLV
VXEXQLWDORRSEHWZHHQȕDQGȕDVHYHUHFODVK
ZLWKDQHLJKERULQJPROHFXOHZDVQRWHGLQGLFDWLQJ
WKDW ORFDOO\ WKHFRQIRUPDWLRQZDV LQFRUUHFW7KH
FRRUGLQDWHVLQWKLVUHJLRQZHUHQRWDOWHUHGSULRUWR
UHILQHPHQW WR DFW DV D ELDV FKHFN  ,Q WKH
UHVXOWDQW HOHFWURQ GHQVLW\ PDS FDOFXODWHG DIWHU
UHILQHPHQW WKH HUURU LQ WKH SRVLWLRQ RI WKLV ORFDO
UHJLRQZDVXQDPELJXRXVDQGWKHQHZSRVLWLRQZDV
FOHDU 1HYHUWKHOHVV IROORZLQJ WKH ILQDO URXQG RI
UHILQHPHQWWKHDYHUDJH%IDFWRUVIRUWKHVXEXQLW'
UHPDLQHG KLJK  c LQGLFDWLQJ LWV VRPHZKDW
GLVRUGHUHG QDWXUH LQ WKH FU\VWDO  7KH ILQDO
PRGHO LQFOXGHV UHVLGXHV IURP  WR  RI WKH
H[SHFWHGUHVLGXHVIURPWKHSURWHLQDQG
IURPWKH1WHUPLQDO+LVWDJIRUWKHVXEXQLWV$
%DQG&DQGFRRUGLQDWHVIRUWKH&ĮDWRPVDORQHRI
WKHIRXUWKVXEXQLW'WRLQGLFDWHLWVSRVLWLRQLQWKH
FHOO6RPHDGGLWLRQDOZHDNHOHFWURQGHQVLW\FRXOG
EHVHHQIRUHDFKVXEXQLWDWWKH1WHUPLQXVDULVLQJ
IURP UHVLGXHV IURP WKH +LVWDJ 7KHVH ZHUH QRW
PRGHOHGLQWKHVWUXFWXUH 
&U\VWDOVRI70DQG+$FRPSOH[HVZLWK
0ROLJRVDFFKDULGHZHUHPRUSKRORJLFDOO\GLVWLQFW
WRWKHVHRIWKHDSRHQ]\PH'DWDZHUHFROOHFWHGRQ
EHDPOLQH , DW WKH 'LDPRQG /LJKW 6RXUFH DQG
SURFHVVHG LQ [LD',$/6 UHYHDOLQJ WKDW WKH\
EHORQJWRVSDFHJURXS3ZLWKRQHPROHFXOHLQ
WKHDV\PPHWULFXQLW7KHFRFU\VWDOVWUXFWXUHVZHUH
GHWHUPLQHG E\ PROHFXODU UHSODFHPHQW XVLQJ
3+$6(5  ZLWK WKH UHILQHG XQOLJDQGHG 70
FRRUGLQDWHVDVDVHDUFKPRGHOWRUHVROXWLRQVRI
cDQGcUHVSHFWLYHO\7KHHOHFWURQGHQVLW\IRU
WKH 70 FRPSOH[ VXEVWUDWH FRQILUPHG WKH
FRQYHUVLRQRI0 WRǻ00E\WKHHQ]\PHGXULQJ
WKHFRXUVHRIWKHFU\VWDOOL]DWLRQH[SHULPHQW0RGHO
EXLOGLQJ DQG UHILQHPHQW ZDV FDUULHG RXW LQ &RRW
DQG 5HIPDF $ VLQJOH FKHPLFDO GLFWLRQDU\ ZDV
JHQHUDWHGIRUHDFKRIWKHSRO\VDFFKDULGHVLQHDFK
VWUXFWXUH)LWWLQJLQWRWKHHOHFWURQGHQVLW\PDSVZDV
LQLWLDOO\GRQHZLWKRXWDFWLYDWLQJ WRUVLRQ UHVWUDLQWV
LQ RUGHU WR DOORZ IRU WKH WZR GLIIHUHQW FKDLU
FRQIRUPDWLRQV & DQG & WR DULVH DV WKH
FRRUGLQDWHV LQ WKH GLFWLRQDU\ KDG QRW EHHQ
VXEMHFWHGWRHQHUJ\PLQLPL]DWLRQDOO0VXJDUVLQ
WKHVWUXFWXUHDUH&FKDLUV7RUVLRQUHVWUDLQWVZHUH
DFWLYDWHG RQFH WKH SRO\VDFFKDULGHV ZHUH ZHOO
DOLJQHGZLWKWKHHOHFWURQGHQVLW\DQGZLWKDOOULQJV
LQ FRQIRUPDWLRQV WKDW ZHUH FORVH WR ORZHQHUJ\
FKDLUV 5LQJ FRQIRUPDWLRQ ZDV WKHQ IXUWKHU
UHVWUDLQHG E\ WKH DFWLYDWLRQ RI KDUPRQLF WRUVLRQ
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UHVWUDLQWV 'LFWLRQDULHV LQFOXGLQJ WKHVH ZHUH
JHQHUDWHG XVLQJ WKH $FHGUJ SURJUDP IURP WKH
&&3 VXLWH DV WKLV KDV EHHQ VKRZQ WR FUHDWH
JHRPHWULF UHVWUDLQWV WKDW DUH FRPSDUDEOH  WR
WKRVHREWDLQHGE\*UDGH*OREDO3KDVLQJ/WGDQG
(OERZ3+(1,;LQFRPELQDWLRQZLWK&6'0RJXO
&DUERK\GUDWH YDOLGDWLRQ ZDV WKHQ GRQH ZLWK D
GHYHORSPHQWYHUVLRQRI3ULYDWHHU0.,97KH
ILQDOPRGHOLQFOXGHVUHVLGXHVIURPWRRIWKH
H[SHFWHGUHVLGXHVIURPWKHSURWHLQDQG
IURPWKH+LVWDJWRJHWKHUZLWKFRRUGLQDWHVIRUWKH
ROLJRVDFFKDULGHVIRUWKHVXEXQLW5HVLGXHVIURPWKH
+LVWDJ ZHUH QRW PRGHOHG LQ WKH VWUXFWXUH
5HILQHPHQW VWDWLVWLFV DUH VXPPDUL]HG LQ7DEOH 
$OOPRGHOVZHUHYDOLGDWHGXVLQJ0RO3URELW\ 
DQGGLDJUDPVZHUHJHQHUDWHGXVLQJ3\02/ 
 
0&$ VSHFWUXP DQG LQGXFWLYHO\ FRXSOHG PDVV
VSHFWURPHWU\,&306 
$Q;UD\IOXRUHVFHQFHVSHFWUXP0&$ZDV
FROOHFWHGRQDFU\VWDORI70RQEHDPOLQH,DW
WKH 'LDPRQG 6\QFKURWURQ )RU ,&306 DQDO\VLV
SURWHLQVDPSOHVZHUHSXULILHGDQGGLDO\]HGDJDLQVW
 P0 7ULV+&O S+  IRU  K ZLWK WZR
FKDQJHV )LQDOO\  ȝO  PJPO SURWHLQ ZDV
LQWURGXFHG WR WKH LQVWUXPHQW $JLOHQW  ,&3
06$JLOHQW7HFKQRORJLHV,QFIRUDQDO\VLVDIWHU
K\GURO\VLV 
 
6LWHGLUHFWHGPXWDJHQHVLV 
6LWHGLUHFWHG PXWDJHQHVLV ZDV FRQGXFWHG E\
GHVLJQLQJ D SDLU RI FRPSOHPHQWDU\ PXWDJHQLF
SULPHUV WR DPSOLI\ WKH HQWLUH SODVPLG LQ D
WKHUPRF\FOLQJ UHDFWLRQ ZLWK D KLJKILGHOLW\ SIX
SRO\PHUDVH 1HZ (QJODQG %LRODEV ,QF 7KH
QXFOHRWLGH VHTXHQFHV RI WKH PXWDJHQLF SULPHUV
XVHGIRUPXWDJHQHVLVDUHJLYHQLQ7DEOH6LQWKH
VXSSOHPHQWDOPDWHULDOV 
7KH 3&5 SURGXFW ZDV GLJHVWHG ZLWK 'SQ, 1HZ
(QJODQG%LRODEV,QFDW&IRUKWRGHJUDGH
WKHSDUHQWDOSODVPLG'1$7KHSURGXFW IURP WKH
'SQ,GLJHVWLRQZDVWUDQVIRUPHGLQWR(FROL%/
'( FRPSHWHQW FHOOV 7KH ( FROL FHOOV ZHUH
VSUHDG RQ /% SODWHV FRQWDLQLQJ  ȝJPO RI
DPSLFLOOLQDQGLQFXEDWHGDW&RYHUQLJKW6LQJOH
FRORQLHV ZHUH LQRFXODWHG LQ  PO RI /% PHGLXP
VXSSOHPHQWHG ZLWK  ȝJPO RI DPSLFLOOLQ DQG
FXOWXUHG IRU  K 7KH SODVPLGV ZHUH H[WUDFWHG
IURPWKHUHFRPELQDQW(FROLFHOOVDQGWKHLQVHUWV
ZHUH VHTXHQFHG WR FRQILUP WKH SUHVHQFH RI WKH
GHVLUHG PXWDWLRQ 7KH WUXQFDWHG SURWHLQ ZDV
SURGXFHGDQGSXULILHGLQWKHVDPHZD\DVGHVFULEHG
DERYH 
 
$FFHVVLRQQXPEHUV 
7KH;UD\FU\VWDOVWUXFWXUHV IRU WKHFDWDO\WLF
GRPDLQRI'SDQG WKHDVVRFLDWHG;UD\GDWD
KDYHEHHQGHSRVLWHGLQWKH3URWHLQ'DWD%DQNXQGHU
WKH,'FRGHV-3DSRDQG-3+ǻ00ERXQG
-310ERXQGUHVSHFWLYHO\ 
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$FNQRZOHGJPHQWV (OHFWURQ PLFURVFRS\ ZDV SHUIRUPHG LQ WKH )DFXOW\ RI 6FLHQFH (OHFWURQ
0LFURVFRS\)DFLOLW\DWWKH8QLYHUVLW\RI6KHIILHOG:HZRXOGOLNHWRWKDQNWKH'LDPRQG/LJKW6RXUFH
IRUDFFHVVWREHDPOLQHV,DQG,WKDWFRQWULEXWHGWRWKLVZRUN,QDGGLWLRQWKHEHDPOLQHVFLHQWLVWV
IRUWKHLUDVVLVWDQFH 
 
&RQIOLFWRILQWHUHVW7KHDXWKRUVGHFODUHWKDWWKH\KDYHQRFRQIOLFWVRILQWHUHVWZLWKWKHFRQWHQWVRIWKLV
DUWLFOH 
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 *DFHVD3$OJLQDWHPRGLI\LQJHQ]\PHVDSURSRVHGXQLILHGPHFKDQLVPRIDFWLRQIRUWKHO\DVHV
DQGHSLPHUDVHV)HEV/HWW 
 *DUURQ0/DQG&\JOHU0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SURSHUWLHV DQG DFWLRQ PRGH RI  ĺ 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IRUELJJHUGDWDVHWV0RO%LRO(YRO 
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&OXVWDO
:DQGFOXVWDO;YHUVLRQ%LRLQIRUPDWLFV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 :LQWHU* 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6FDOLQJDQGDVVHVVPHQWRIGDWDTXDOLW\$FWD&U\VWDOORJU' 
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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5()0$&IRUWKHUHILQHPHQWRIPDFURPROHFXODUFU\VWDOVWUXFWXUHV
$FWD&U\VWDOORJU' 
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6WUDWHJLHVIRUFDUERK\GUDWHPRGHOEXLOGLQJUHILQHPHQWDQGYDOLGDWLRQ$FWD&U\VWDOORJU
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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/RYHOO6&5LFKDUGVRQ-6DQG5LFKDUGVRQ'&0RO3URELW\PRUHDQGEHWWHUUHIHUHQFHGDWD
IRULPSURYHGDOODWRPVWUXFWXUHYDOLGDWLRQ3URWHLQ6FL 
 7KH3\02/PROHFXODUJUDSKLFVV\VWHPYHUVLRQ[6FKU|GLQJHU//& 
 )HOVHQVWHLQ-&RQILGHQFHOLPLWVRQSK\ORJHQLHVDQDSSURDFKXVLQJWKHERRWVWUDS(YROXWLRQ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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 6KLPDGD(DQG0DWVXPXUD*7KLQOD\HUFKURPDWRJUDSK\RIK\DOXURQDWHROLJRVDFFKDULGHV-
%LRFKHP 
 6X]XNL+6X]XNL.,QRXH$DQG2MLPD7$QRYHOROLJRDOJLQDWHO\DVHIURPDEDORQH+DOLRWLV
GLVFXVKDQQDLWKDWUHOHDVHVGLVDFFKDULGHIURPDOJLQDWHSRO\PHULQDQH[RO\WLFPDQQHU&DUERK\GU5HV
 
 
)227127(6 
7KLVZRUNZDVVXSSRUWHGE\JUDQWVIURPWKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD16)&
DQGDQGIURPWKH4LQJGDR0XQLFLSDO6FLHQFHDQG7HFKQRORJ\%XUHDXRI&KLQD
MFKWR6-:HWKDQNWKH5R\DO6RFLHW\IRUVXSSRUWWR':53-%-%5DQG6-
XQGHUWKH,QWHUQDWLRQDO([FKDQJHV&RVW6KDUH&KLQD3URJUDPPH,(&?16)&?DQGWKH
&KLQD6FKRODUVKLS&RXQFLO&6&IRUWKHDZDUGRIDYLVLWLQJVFKRODUVKLSWR6--$
LVD5R\DO6RFLHW\8QLYHUVLW\5HVHDUFK)HOORZDZDUGUHIHUHQFH8) 
 
7KLVDUWLFOHFRQWDLQV7DEOHV66DQG)LJV66 
7KHDWRPLFFRRUGLQDWHVDQGVWUXFWXUHIDFWRUVFRGHV-3-3+DQG-31KDYHEHHQGHSRVLWHGLQWKH
3URWHLQ'DWD%DQNKWWSZZSGERUJ7KHDPLQRDFLGVHTXHQFHRIWKLVSURWHLQFDQEHDFFHVVHGWKURXJK
1&%,3URWHLQ'DWDEDVHXQGHU1&%,$FFHVVLRQ4''KWWSZZZQFELQOPQLKJRYVLWHVJTXHU\ 
 
7KHDEEUHYLDWLRQVXVHGDUH3/SRO\VDFFKDULGHO\DVH*Į/JXOXURQDWH0ȕ'PDQQXURQDWH&%0
FDUERK\GUDWHELQGLQJ PRGXOH )1 ILEURQHFWLQ W\SH ,,, GRPDLQ 6H0HW VHOHQRPHWKLRQLQH 7%$
WKLREDUELWXULFDFLG7/&WKLQOD\HUFKURPDWRJUDSK\ 
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7DEOH;UD\FU\VWDOORJUDSKLFGDWD 
 
 
 
  
Data collection ± Apo - Native SeMet ǻ00ERXQG
structure 
M5 bound structure 
Wavelength (Å) 0.97179 0.97928 0.97625 0.97625 
Resolution range (Å) 98.70-2.07 (2.11-
2.07) 
108.99-2.38 (2.42-
2.38) 
130.96-2.76 (2.81-2.76) 62.78 - 2.85 (2.90-2.85) 
Space group C 2 2 21 C 2 2 21 P 3 2 1 P 3 2 1 
Unit cell (a,b,c) (Å) 261.3, 394.8, 112.2 261.2, 395.4, 111.6 261.9, 261.9, 58.3 261.4, 261.4, 58.4 
(Į,ȕ,Ȗ) (°) 90.0, 90.0, 90.0 90.0, 90.0, 90.0 90.0, 90.00, 120.0 90.0, 90.0, 120.0 
Total reflections 2551319 (104358) 2551319 (144764) 649310 (32281) 594163 (26053) 
Unique reflections 348350 (16738) 226731 (11049) 58914 (2878) 53459 (2668) 
Multiplicity 7.3 (6.2) 13.6 (13.1) 11.0 (11.2) 11.1 (9.8) 
Completeness (%) 99.5 (96.3) 98.5 (96.9) 100.0 (99.2) 100.0 (100.0) 
Mean I/ı 11.0 (1.8) 7.4 (2.4) 6.2 (0.9) 11.5 (1.0) 
Wilson B-factor (Å2) 32 18 56 67 
Rmerge 0.099 (0.699) 0.325 (0.909) 0.265 (2.319) 0.217 (1.827) 
Rpim 0.059 (0459) 0.132 (0.381) 0.122 (1.062) 0.101 (0.910) 
CC1/2 0.992 (0.541) 0.971 (0.396) 0.986 (0.516) 0.996 (0.524) 
Anomalous completeness 
(%) 
 98.7 (97.1)   
Anomalous multiplicity  7.0 (6.7)   
Anomalous correlation  0.229 (0.318)   
Anomalous slope  1.068   
  
Refinement  
Rfactor 0.222  0.199 0.209 
Rfree 0.240  0.226 0.223 
Atoms   
     Protein 21800  6240 6235 
     Ligands 61  40 61 
     Ions 12  4 4 
     Water 832  144 37 
     Protein residues 3080  770 770 
RMSD (bonds) (Å) 0.0077  0.0034 0.0040 
RMSD (angles) (°) 1.515  1.283 1.326 
Ramachandran favoured 
(%) 
95.4  94.7 93.8 
Ramachandran outliers 
(%) 
0.2  0.1 0.5 
Favoured rotamers (%) 94.8  95.8 94.3 
Poor rotamers (%) 0.75  0.3 0.6 
Molprobity score 1.28 (99th percentile, 
2.07Å ± 0.25Å) 
 1.4 (100th percentile, 
2.76Å ± 0.25Å) 
1.51 (100th percentile, 
2.85Å ± 0.25Å) 
Average B-factors     
     Main chain (Å2) 59  64 74 
     Side chains (Å2) 51  68 75 
     Ligands (Å2) 63  77 89 
     Ions (Å2) 43  49 58 
     Water (Å2) 44  47 45 
PDB ID 6JP4  6JPH 6JPN 
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7DEOH'LVWDQFHVEHWZHHQPHWDOLRQVDQGSURWHLQOLJDQGVLQFKDLQ$RIWKHDSRVWUXFWXUH 
/LJDQGc         
0Q 1'+LV 
1(+LV
 
2'$VS
 Z 
Z
 Z   
&D 2'$VS 
2'$VS
 
2(*OX
 
2(*OX
 
2+LV
 
2(*OX
 
Z
 
Z
 
&D 2(*OQ 
2'$VS
 
2'$VS
 
2'$VS
 
27KU
 Z 
Z
  
0J 2(*OX 
27US
 
Z
 
Z
 
Z
 
Z
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7DEOH6WUXFWXUDOFRPSDULVRQXVLQJWKH'DOLVHUYHU 
PDB code PL family Z score RMSD (Å) LALI Identity (%) Function 
3AFL PL15 27 3.6 587 14 alginate lyase 
4OJZ PL17 25.9 3.3 572 16 alginate lyase 
4FNV PL12 24.9 4.4 494 15 heparinase III  
2FUQ PL21 24.2 4.6 588 16 heparinase II  
4E1Y PL5 21 3.2 288 13 alginate lyase 
6F2P PL8 14.9 6.3 570 6 xanthan lyase 
7RWDOQXPEHURIHTXLYDOHQFHGUHVLGXHV 
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7DEOH'LVWDQFHVEHWZHHQWKHVXEVWUDWHVDQGNH\ELQGLQJUHVLGXHVLQ'S 
Binding residue Target ligand 
(subsite) 
Distance in ǻMM 
bound structure (Å) 
Distance in M5 bound 
structure (Å) 
OGSer342 O6 carboxyl (±2)  2.83 
OGly340 O6 carboxyl (±2)  3.27 
OHTyr135 O6 carboxyl (±1)  3.41 
NE2His238 O3 (±1)  2.86 
OHTyr239 O2 (±1)  2.82 
OHTyr239 O4 (+1) 
 
3.21 
NE2His187 O6 carboxyl (+1) 2.88 ND# 
NE2His405 O6 carboxyl (+1) 2.48 2.65 
ND2Asp186 O6 carboxyl (+1) 2.84 3.01 
OD1Asp186 O6 carboxyl (+1) 2.52 2.81 
OD1Asn404 O2 (+2) 2.81 2.31 
OGSer127 O6 carboxyl (+2) 3.85 3.11 
NE2His185 O6 carboxyl (+3) 2.72 2.83 
NH2Arg183 O4 (+3) 3.33 3.27 
NEArg183 O5 (+3) 3.36 3.57 
1'QRWGHWHUPLQHG7KHVLGHFKDLQRI+LVLVDEVHQWLQWKHVWUXFWXUHRIWKH+$PXWDQWZLWK
0 
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)LJXUH$6FKHPDWLFGLDJUDPRI WKHPRGXODUVWUXFWXUHRI'SDQGLWVWUXQFDWLRQPXWDQWV%
3K\ORJHQHWLFDQDO\VLVRIWKHFDWDO\WLFGRPDLQRI'S70DQGLWVFORVHUHODWLYHVIURP3/3/
3/DQG3/7KHSHUFHQWDJHRIUHSOLFDWHWUHHVLQZKLFKWKHDVVRFLDWHGWD[DFOXVWHUHGWRJHWKHULQWKH
ERRWVWUDSWHVWUHSOLFDWHVDUHVKRZQQH[WWRWKHEUDQFKHV7KHWUHHLVGUDZQWRVFDOHZLWK
EUDQFKOHQJWKVLQWKHVDPHXQLWVDVWKRVHRIWKHHYROXWLRQDU\GLVWDQFHVXVHGWRLQIHUWKHSK\ORJHQHWLF
WUHH 
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 
)LJXUH7/&DQDO\VLVRIWKHSURGXFWVUHOHDVHGIURPDOJLQDWHDQGDIILQLW\RI'SDQGLWV70
70FRQVWUXFWVIRUVROXEOHDOJLQDWHE\QDWLYHDIILQLW\JHOHOHFWURSKRUHVLV$DQG%0DUNHUVXJDUVODQH
VRGLXP'PDQQXURQDWH6ODQHVRGLXP'GLPDQQXURQDWH6ODQHVRGLXP'WULPDQQXURQDWH
6DQGODQHVRGLXP'WHWUDPDQQXURQDWH6DQGWKHSURGXFWVRI70XQVDWXUDWHG8DQG8
ODQH  DIWHU K LQFXEDWLRQ ZLWK DOJLQDWH VWDLQHG E\ WKH VXOIXULF DFLGHWKDQRO DQG 7%$ PHWKRGV
UHVSHFWLYHO\1RWHWKDWXQVDWXUDWHGVXJDUVRQWKHSODWHUXQIDVWHUWKDQWKRVHRIWKHHTXLYDOHQWVDWXUDWHG
ROLJRVDFFKDULGHV66DVSUHYLRXVUHSRUWHGDQGWKHVDWXUDWHGVXJDUVDUHQRWVWDLQHGE\WKH
7%$PHWKRG&7KHXQVDWXUDWHGROLJRVDFFKDULGHSURGXFWV88DQG8RI'SDQG
7070/DQHWRODQHUHSUHVHQWLQFXEDWLRQIRUPLQPLQPLQKRXUVKRXUVKRXUV
DQGKRXUVUHVSHFWLYHO\3ODWHVLQSDQHO&ZHUHYLVXDOL]HGE\VSUD\LQJZLWKVXOIXULFDFLGLQHWKDQRO
'1DWLYH3$*(ZLWKRXWDOJLQDWH(1DWLYH3$*(VXSSOHPHQWHGZLWKZYDOJLQDWH
/DQHWRODQHUHSUHVHQW'SDQG7070UHVSHFWLYHO\/DQHFRQWDLQV%6$ȝJDVD
FRQWURO  
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)LJXUH6WUXFWXUHRIWKHFDWDO\WLFGRPDLQRI'S70$6FKHPDWLFGLDJUDPRIWKHIROGRI
70VKRZLQJLWV1WHUPLQDORUDQJHFHQWUDOOHPRQDQG&WHUPLQDOGRPDLQVVN\EOXH7KHSRVLWLRQV
RI WKH0Q&DDQG0JLRQVDUH VKRZQDVSXUSOHJUHHQDQG\HOORZVSKHUHV UHVSHFWLYHO\%'
6FKHPDWLFGLDJUDPVRIWKH1WHUPLQDOFHQWUDODQG&WHUPLQDOGRPDLQVGUDZQLQDUDLQERZIRUPDW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